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ABSTRACT 



The distribution of suspended particulate matter in 
Monterey Bay, California, was characterized by the ratio of 
light scattering at 45° to that at 135° , by particle volume 
distributions , and by constituent distributions . X-ray 
methods were used to identify the mineral constituents . 
Distributions were highly variable with time and location. 
Although high scattering ratios and high volume distributions 
were found in the same vicinity, there appeared to be a lack 
of correlation between their absolute values . Scattering 
ratios were found to vary greatly with depth. The minerals 
detected ir. the water coKimn at- the Paiaro and the Salinas 
River mouths did not form separate and distinct regions. Of 
the characteristic minor constituents, jadeite was found to 
predominate in the Pajaro River area. 



2 



TABLE OF CONTENTS 



I. INTRODUCTION 8 

II. COLLECTION AND MEASUREMENT OF SUSPENDED MATTER 11 

III. INTERPRETATION OF DATA 14 

IV. DATA ANALYSES 17 

V. CONCLUSIONS 25 

VI. RECOMMENDATIONS FOR FUTURE STUDY 26 

APPENDIX 74 

REFERENCES 78 

INITIAL DISTRIBUTION LIST 79 

FORM DD 1473 83 



\ 



3 



LIST OF TABLES 



l . Station Data 66 

II. Pajaro and Salinas River Stream Discharge Data 73 



4 



LIST OF FIGURES 



1. Station Locations 27 

2. Scattering Ratio Contours at 2-m Depth. 28 

3. Scattering Ratio Contours at 5-m Depth 29 

4. Scattering Ratio Contours at 10- m Depth 30 

5. Volume Contours at 2-m Depth. 31 

6. Volume Contours at 5-m Depth. 32 

7. Volume Contours at 10- m Depth. 33 

8. Transect A Scattering Ratio Contours 34 

9 . Transect C Scattering Ratio Contours 35 

10. Transect D Scattering Ratio Contours 36 

1 _ TV 1 ‘H Tr »£* pQnf oiiT-e ^ . *> "7 

12. Transect C Volume Contours 38 

13. Transect D Volume Contours 39 

14. Transect I Scattering Ratio Contours 40 

15. Transect J Scattering Ratio Contours 

16. Transect I Volume Contours 42 

17. Transect J Volume Contours 43 

18. Transect E Scattering Ratio Contours 44 

19. Transect F Scattering Ratio Contours 45 

20. Transect E Volume Contours 46 

21. Transect F Volume Contours 47 

22. Transect G Scattering Ratio Contours 48 

23. Transect G Volume Contours 49 

24. Transect H Scattering Ratio Contours 50 



5 



25. Transect H Volume Contours ^ 

26. Montmorillonite Distribution 52 

27. Kaolinite Distribution 53 

28. Muscovite Distribution 54 

29 . Illite Distribution 55 

30. Hornblende Distribution 55 

31. Sphene and Hypersthene Distribution 57 

32. Jadeite Distribution 58 

33. Zircon Distribution 59 

34. Serpentine and Apatite Distributions 60 

35. Rutile and Olivine Distributions 61 

36 . Epidote Distribution 62 

37. Quartz Distribution 63 

38. Orthociase Distribution 54 

39 . X-ray Intensity Distributions 65 



* 



6 



ACKNOWLEDGEMENT 



I am deeply indebted to my advisor, Stevens P. Tucker, 
for providing helpful suggestions and encouragement during 
the course of this study. 

I wish to express by sincere thanks to Prof. Andrews 
for his interest and help. I also thank Prof. Clark and 
Prof. Helliwell for their assistance and advice with the X- 
ray analyses. Finally, the crew of the Naval Postgraduate 
School boat is to be commended for outstanding performance 
and endurance. 



7 



I. INTRODUCTION 



Increasing oceanographic research is being focused on 
the study of the distribution of suspended particles because 
they are intimately associated with the physical, chemical, 
biological, geological, and other processes occurring in the 
water . 

At times the suspended particle distribution has been 
found to be a more sensitive indicator of water masses than 
salinity or temperature, for it has been established that 
concentration occurs at the mixing boundaries of waters of 
different origin even when differences in other hydrologi- 
rb^rantsristics art: slight flurcunonov , IDG 3 j , The 
measurement of various parameters in a water mass can be 
used to trace the particle distribution, which reflects 
stratification of the waters and provides a basis for 
characterization [Jerlov, 1959]. Furthermore, the variation 
in the concentration of suspended material is a sensitive 
indicator of hydrodynamic conditions and may be used as an 
indirect method of detecting horizontal currents as well as 
vertical circulation. Since optical properties of sea water 
are related to the presence of suspended matter, optical 
measurements have also been used to characterize water 
masses . 

Direct and indirect methods have been used to determine 
the content of suspended matter. Direct methods may employ 
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either filtration or centrifuging to separate the suspended 
material, which is then dried and weighed. The process is 
lengthy and involved. A simpler Coulter counter technique 
may be used to obtain direct particle counts as well as the 
size fraction distributions. Indirect methods include 
various optical techniques , all of which involve measuring 
the scattering or attenuation coefficients of light in 
water [Jerlov, 1953; Tyler, 1961J , and are based on the 
existence of a linear relationship between the concentration 
by weight of particles of the same diameter and the scatter- 
ing or attenuation. 

Coastal waters as a rule contain more suspended parti- 
cles than do deep ocean waters, due to a richer plankton 
population and lai'ger amc’.' r 'f ^ of hotn detritus and inorgan- 
ic matter derived from the land or from the bottom. Rivers 
carry considerable amounts of sediment into the ocean, and 
are thus sources of particulate suspended matter close to 
shore . 

Monterey Bay, typical of the semicircular bays common 
to the California coastline, proveded an advantageous site 
for studying water mass movement through the investigation 
of the suspended particulate matter distributions . Prom- 
inent headlands at both ends of the bay have created a 
sheltered condi ton over a large portion of it. Studies of 
the bay's beaches have shown that an essentially static 
equilibrium has been reached for the present hydrodynamic 
conditions [Sayles, 1966], 
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The geology of the area has been extensively investi- 
gated, and many detailed reports are available [Martin and 
Emery, 1967; Wilde, 1965]. The smooth, flat, shelf area of 



the bay is separated by rugged, steep Monterey Submarine 
Canyon. Yancy's (1968) investigations have revealed the 
existence of mineralogical provinces whose development may 
be ascribed to the major river systems present. 

Three rivers draining the adjacent Coast Ranges, an area 
in excess of 6000 square miles, empty into the bay. Since 
the rocks of the drainage basins have different mineralogi- 
cal compositions, the sediment provinces created over the 
ages within the bay are distinct. The primary source of the 
inorganic particulate matter entering the bay is the dis- 



charge from the principal rivers. More thai 
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of the runoff occurs in the winter months from December to 
May. 



The aim of this survey was to investigate the water 
masses in the vicinity of the Salinas and Pajaro Rivers, 
two sources of particulate matter for Monterey Bay. Previ- 
ous studies of bottom sediments have shown these two areas 
to have distinct mineralogical compositions; since the 
Monterey Canyon separates the regions, no transition zone 
in the bottom sediment distributions was found. The para- 
meters used in the present work to label water types con- 
sisted of an optical index (light scattering) , the volume 
of suspended matter, and x-ray identification of specific 
inorganic materials found in suspension. 



10 



II. COLLECTION AND MEASUREMENT OF SUSPENDED MATTER 



To accomplish the aim of this study 52 stations were 
occupied in the area of interest (Fig. 1) . The stations 
were spaced one-half mile apart and extended up to five 
nautical miles into the bay. The transects indicated (Fig.l) 
were used for vertical data analyses . Sampling stated in 
April 1971, when the first nine stations were occupied. In 
May 1971, three more stations were occupied, and sampling 
was completed in June 1971. The stations are numbered in 
the order they were occupied. Since collection of samples 
in the Salinas river area was spaced over a long time span, 
those observations n<=r.n to be less synoptic than the ones in 
the Pajaro river area, which was sampled during a compara- 
tively short period. 

At each station samples were collected at the surface, 
in midwater, and near the bottom. A hose was lowered to the 
appropriate depth, and the samples were pumped up to the 
surface. Sample containers consisted of 15-gal metal drums 
lined with polyethylene bags, 5-gal polyethylene bottles, 
and 125-ml polyethylene bottles. At each of the three depths 
a 125-ml sample and a 5-gal sample were gathered. 

The 125-ml samples were used in the optical and particle 
distribution analyses . These analyses were carried out 
within three days of collection. Whenever immediate pro- 
cessing was not possible the samples were stored in the 

dark at a temperature of about 5 C. 
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The 5-gal samples were filtered under vacuum using 
1.2-y Millipore filters. The filters were treated with 
hydrogen peroxide to remove organic material and warm dilute 
hydrochloric acid to remove carbonates and chlorites if 
present [Brindley, 1951] . They were then washed with small 
quantities of distilled water to remove the soluble salts. 

The washed filters were allowed to air dry. Some were then 
stored in small plastic petri dishes; others were enclosed 
in aluminum foil. 

A modified Model 4-600 Aminco Light Scattering Micro- 
photometer was used for the optical analysis. The sample 
was gently agitated and poured into a cylindrical glass cell 
which was always replaced in the same position in the sample 
holder. V'hrte mercury ligh^ was and scatter !nn [Ts’h’i] 

for scattering angles [0] of 45°, 90° , and 135° was recorded. 
Neutral density filters were employed to keep the readings 
on scale. 

The electronic drift of the system was negligible for 
the few minutes required to make each run. However, when 
the suspended particles were producing the scattering, there 
was visual drift over short periods due to sample inhomo- 
geneity. The value for 1(9) was recorded for approximately 

\ 

one-half minute intervals and average values were used in 
the analysis of the data. 

Particle count and size distributions were determined 
from the same samples employed in the optical analysis. A 
Model T Coulter counter with a 254-y aperture was used. 

The particle diameters investigate! ranged from 3 to 60 V* . 
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Mineralogical analysis were performed on the dried 
filters using powder X-ray diffraction techniques. The 
dried filters were mounted with rubber cement on glass 
slides and analyzed on a Philips diffractometer. Through- 
out the analyses CuKa radiation with a Ni filter was used; 
the accelerating potential was 35 kv; the beam current was 
35 ma; the scanning speed was l°/min; 500 counts/sec re- 
presented fullscale; and a 1 sec time constant was employed. 
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III. INTERPRETATION OF DATA 



The scattering of light by suspended material was first 
treated theoretically in a rigorous way by Mie (1908) . 

Through the application of electromagnetic wave theory a 
theoretical expression for the light field resulting from 
the scattering of a plane monochromatic wave by spherical 
non-absorbing particles was derived. It was established 
that light scattering depends upon particle size, shape, and 
relative index of refraction. For low concentrations, and 
when the scattered light has the same wavelength as incident 
light, scattering by a system of particles is the sum of the 
cxjctLLcj.ed light from - individual particles. Thus scattering 
is directly related to particle concentration. 

From the regular behavior of the angular dependence of 
the volume scattering function Jerlov (1953) showed that an 
approximate value for the scattering coefficient can be 
determined from the value of the volume scattering coeffi- 
cent at 45°. The errors inherent in this process are small. 
Furthermore, it was also noted that the shape of the angular 
scattering function for light varies with water type. It is 
very dissymmetric for turbid water and more symmetric for 
relatively pure water. The ratio Z, where Z=I (45°) /I (135°) , 
represents the dissymmetry of the angular scattering function 
about 90°. When Z is large, the curve is very asymmetric, 
indicating turbid water [Morel, 1965], 
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Particle size, shape, and composition represent para- 
meters that determine a unique scattering field. Scattering 
therefore reflects variations in these parameters. The value 
I ( 6) measured in sea water can be interpreted as a measure 
of the concentration of particles having a mean diameter. 

To supplement the scattering data, particle size distri- 
butions were measured with a Coulter counter. The instrument 
was calibrated with a system of monodispersed 19.0-y ragweed 
pollen. The particle size under investigation ranged from 
3 to 60 p in diameter. Since the samples contained particles 
with a wide range of diameters, the volume of the suspended 
material within a 2 ml sample was calculated. An attempt 
was made to correlate Z with volume. 

Powder X-ray methods were employed to identify the 
filter retaining mineral constituents. The Bragg angles of 
investigation ranged from 5° to 40° . Quantitative analyses 
could not be conducted; therefore X-ray intensities were not 
used to indicate constituent concentrations. However, since 
the sampling techniques and X-ray diffraction methods used 
were consistent for all of the samples, intensities were 
used to relate the relative amounts of constituents within 
the samples , The higher intensities were indicative of 
greater amounts of constituents present. The analyses fall 
into four basic categories, "low," "medium," "high," and 
"background" (Appendix) . "Low," "medium," and "high" are 
self explanatory, while "background" indicates a situation 
where no signals above the noise background were detected. 
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The way in which the samples were prepared resulted un- 
avoidably in a tendency toward preferential orientation of 
the crystals. In a previous study [Yancy, 1968] the 
mineralogy of the bottom sediments was described. Using 
this as a guide, known samples of the pure minerals were 
prepared. The same techniques were used as with the pre- 
parations of the collected unknown samples. Thus the d- 
spacings and the intensities of the various minerals were 
measured under the same conditions that existed for the un- 
known constituents. The following criteria were used: 
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montmorillonite was identified from a dominant 13-14 A peak; 

o o 

kaolinite was identified from peaks at 7 A and 3.5 A, the 
spacing of which was not affected by treatment with warm 
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o 

3.35 A (due to the relative abundance of muscovite in the 
region Yancy concluded that the mica was probably muscovite) ; 

O O 

sphene had distinctive peaks at 3.2 A and at 4.7 A; orthoclase 



O 



O 



o 



o 



at 3.18 A and 2.9 A; zircon at 3.4 A and at 2.3 A; quartz at 

o o o o o 

4.25 A and 3.3 A; epidote at 4.2 A, 4.9 A and 2.8 A; jadeite 

at 3.1 A, 2.9 A and 2.7 A; illite at 4.5 A, 2.5 A and 9.9 A. 
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IV. DATA ANALYSES 



The data used in the analyses are presented in Table 1. 
The final reduced data were analyzed for horizontal distri- 
bution at depths of 2 m, 5 m and 10 m. Vertical distribu-: 
tions are depicted for the transects shown in Eig. 1. Equal 
value lines were used to assist in localizing areas of high 
and low values although the contour intervals were not kept 
strictly constant. 

The scattering ration (_Z) distribution is contoured for 
the 2-m, 5-m and the 10-m depths (Figs. 2, 3 and 4) . As 
can be seen, the Z=5 contour remains in the same general 
peer tier: tor all around rhe Pajaro River area. The 

contour for Z=4 does shift with depth. At the 5-m depth the 
contour is closer to shore than at the 10-m depth. The 
Salinas River area exhibits a different behavior. The con- 
tours tend to parallel the shoreline. 

The particle volume contours for 2-m, 5-m and 10-m 
depths (Figs. 5, 6 and 7) appear to have the same trends as 
the Z contours in (Figs. 2, 3 and 4). In the Pajaro River 
region, an increase in volume at 10 m is found. This shows 
that in that area some bottom influence was exhibited. Over- 
all, much higher volumes are found in the Pajaro River area 
than in the Salinas River region. This may be due to a 
plankton bloom, for the volumes decrease substantially with 
depth. Larger volumes may also be due to a greater influence 
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of the Pajaro River on the region during the time of 
investigation, June 1971. As indicated in Table 2, there 
was a flow from the Pajaro River, while the Salinas River 
was not contributing particulate matter to the bay at the 
time of the investigation due to a sand bar across its mouth. 

Transects A, B, C and D are perpendicular to the shore 
in the Salinas River area. Higher Z values were found along 
transect A (Fig. 8) which is south of the river mouth. Tran- 
sect C (Fig. 9) indicates that a core of Z=6 water has moved 
in closer to shore. The area enclosed by a Z“5 contour has 
diminished along transect D (Fig. 10) , however the proximity 
to shore remains the same as that in transect C. Particle 
volume (V) distributions (Figs. 11, 12 and 13) substantiate 
the Z in that the areas of hiah volume appear in the 

same general regions as those for high Z . 

Transects I and J parallel the shore in the Salinas 
River area. Transect I (Fig. 14) shows that water with Z=6 
is upwelled from the Monterey Canyon, toward station 15 from 
station 19 . Water where Z=5 is found along the surface 
dipping down to depth south of the river mouth. Close to 
the Salinas River mouth at stations 12 and 23 there is also 
a dip in the Z=5 countour. Transect J (Fig. 15) shows the 
Z=5 contour enclosing a core of higher Z values centered 
around station 22, which is in line with the river mouth. 
Regions of high and low volumes (Fig. 16) appear in the same 
locations as high and low Z contours along transect I. How- 
ever along transect J (Fig. 17) there appears to be a lack, 
of good correlation between the volume and Z distributions . 
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Transects E and F are perpendicular to the shore in the 
Pajaro River area. In general, along transect E (Fig. 18) 
which is off the mouth of the river, higher values of Z are 
found along the surface and closer to shore. A core of low 
Z values is found at station 38; the source of the water 
appears to be offshore. Volume distributions along transect 
E (Fig. 20) show a core of high values centered around 
stations 39 and 40, which is not, however, reflected in the 
scattering ratios (Z) . Transect F (Fig. 19) , which is 
farther north, has higher Z values than found along transect 
E. A core of higher Z values is found at station 32, and 
this is supported by the volume contour data (Fig. 21) . The 
volume values have been found, in general, to be high along 
trpn.qprr >, . if a pj aukt on bloom V7 cjl 0 more pronounced la 
the area of transect E, then larger particle volumes would 
be found along with lower scattering ratios. Suspended 
organic material, in contrast to inorganic material, is 
normally of a larger size and contributes more to the volume. 

Transects G and H are parallel to the shoreline in the 
Pajaio Riyer area. In transect G (Figs. 22 and 23), which 
is closer to the shore, an area of relatively low Z and low 
volume appears to be centered at station 43. This station 
is in the vicinity of the river mouth. At stations 18 and 
17, located at the head of the Monterey Canyon, a region of 
relatively high Z appears. These observations do not 
correlate well with the volume observation, for although Z 
values are much higher than those found at stations to the 
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north of stations 17 and 18, the volume values are much 
lower. It must be remembered, however, that stations 17 
and 18 were occupied prior to the other stations in the area 

Distributions for Z and volume for transect H (Figs. 24 
and 25) once again show two regimes, which are probably 
attributable to the fact that sampling was not simultaneous 
but spread out over a period of about two weeks . Stations 
20, 19 and 16 were sampled earlier than the other stations. 
Once again, although Z values were smaller, the volumes 
were higher during the later sampling period. Station 49, 
which is near stations 20, 19 and 16, although sampled later 
does exhibit characteristics similar to stations in the 
region. This suggests that a localized plankton bloom 
occurred in the Fiver area. 

The extent of variations of the scattering ratio with 
depth is shown in the Appendix. The largest variation 
occurred at a depth of about 15 m. This may be due to the 
fact that at some stations the 15-m depth was closer to the 
bottom and bottom influences were observed, while in other 
areas of deeper water 15 m was the mid-water depth. 

A plot of scattering ratio as a function of particle 
volume (Appendix) shows that there is a lack of observed 
correlation between these parameters. However, as the 
individual distribution plots did show, there was in general 
relative correlation between areas of high Z and high volume 
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The mineral distribution charts (Figs: . 26 to 38) shov' 
the stations at which particular minerals were found. The 
solid lines are drawn to assist in grouping the stations 
into regions where a given mineral was present in the water 
column. The cross-hatched areas indicate regions where the 
specific minerals were found at the 2-m depth. 

The uniformity of the clay mineral distributions in the 
submarine samples as well as their identical character in 
the Salinas and the Pajaro River samples precluded the use 
of clay minerals in the mineral provice studies [Yancy, 196 81’. 
Of the clay minerals montmorillonite was found at almost all 
of the stations (Fig. 26) . In the top 2 m, the distribution 
showed a general trend to the south from the Pajaro River 
area. T’ h » rsf surface distributions around the Salinas 

River area was much smaller. Kaolinite is also widely 
distributed (Fig. 27) . Although the surface distributions 
differ from those for montmorillonite, they tend to be in 
the same general location. Muscovite was found throughout 
the Salinas River area (Fig. 28) . However, at stations 
distant from shore in the Pajaro River region muscovite was 
not detected. The surface distribution is closer to shore 
in the Pajaro River region, and, in the Salinas River area, 
muscovite was found at the 2-m depth at all stations. Illit'e 
was found in small patches (Fig. 29). The surface distribu- 
tion is limited primarily to the Salinas River region. 
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The heavy minerals associated with the Pajaro River and 
the Salinas River sources have been identified [Yancy, 1968] 
Hornblende, augite, and hypersthene were found to be the 
predominant minerals . The minor constituents were used to 
distinguish the mineral provinces . 

The Salinas River mineralogical province, rich in garnet 
and hornblande but low in hypersthene, extends south along 
the shore from the head of the Monterey Canyon and out from 
shore to a depth of 100 ft. The Pajaro River region is 
characterized by the minerals restricted to the Franciscan 
formation (lawsonite, jadeite) and glaucophane. This region 
the only source of the Franciscan formation in the bay, can 
be identified far out in the bay, for the minerals are so 
distinctive that admixtures from other sources do not mate 
them undetectable. 

The heavy mineral distributions found in the present 
survey are as listed. Hornblende (Fig. 20) was found in the 
Salinas River area, at the head of the Monterey Canyon, and 
over a large portion of the Pajaro River area. It was 
distributed shoreward of the 20 -fm contour and tended north 
in the Salinas River area, while in the Pajaro River region 
the mineral was found to extend further from shore. At the 
2~m depth, hornblende was found over a greater extent of the 
Pajaro River area than over the Salinas River region. 
Hypersthene, another of the dominant minerals, was detected 
at only one station (Fig. 31) , while augite and glaucophane 
were not found at all. 
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Sphene predominates in the Pajaro River region (Fig. 31), 



and is found to a smaller extent in the Salinas River area. 
Jadeite, the characteristic mineral of the Pajaro River area 
is not restricted to that region alone (Fig. 32) . Lawsonite 
and garnet, the other characteristic minerals, were not 
detected. Zircon is found in small patches in both areas 
(Fig. 33) . Apatite and serpentine are restricted to the 
Pajaro River region and to the head of Monterey Canyon 
(Fig. 34) . These two minerals are presented together only 
because they appear in the same general regions. Once again 
the following minerals are grouped together for convenience 
of presentation. Rutile was found at three stations (Fig. 35) , 
while: olivine was mainly restrict**'"* rr> the Salinas Rivex. 
region and head of Monterey Canyon. Epidote, common to both 
regions (Fig. 36) , extended over a larger area in the Pajaro 
River region. 

Quartz, the dominant mineral in all of the bottom samples, 
was found predominantly at stations close to shore (Fig. 37) . 

On the other hand, orthoclase was found more extensively 
than quartz (Fig. 38) . Its surface distribution was close 
to shore and parallel to the coastline. 

The X-ray intensity distribution for the samples analyzed 

is presented in Fig. 39. In general higher intensities were 

found close along the shore, close to the river mouths, and 

at the head of Monterey Canyon. Areas of high intensities 

are separated by regions of low intensities off both of the 

river mouths, and at the head of Monterey Canyon. Areas of 
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high intensities are separated by regions of low intensities 
off both of the river mouths. These intensity observations 
are not easily correlated with Z or volume contours, since 
Z and the particle volume measurements included organic 
and inorganic materials, while X-ray measurements involved 
only the inorganic materials . 



V 
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V. CONCLUSIONS 



1. The distribution of suspended materials in Monterey 
Bay is highly variable, not only with time, but also 
vertically and horizontally. 

2. In general, high scattering ratios and high volume 
distributions occurred in the same vicinity. However, there 
appeared to be a lack of correlation between their absolute 
values . 

3. Scattering ratios varied greatly with depth. 

4. The minerals detected in the water column did not 
form separate, distinct regions. Off the Pajaro River the 
minor constituent, jadeite, was found to pre uo minute • 

5 . The X-ray intensity distributions showed that areas 
of high intensities were found close to shore and in the 
regions of the river mouths . 
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VI. RECOMMENDATIONS FOR FUTURE STUDY 



Since this survey was conducted after the peak outflow 
period, it is recommended that other measurements be made 
prior to and during the periods of maximum river outflow. 

The measurements should be of a quantitative nature so that 
determinations could be made as to the amount of inorganic 
suspended materilas the rivers contribute to the bay. Also 
quantitative determinations would allow for establishing 
relationships among the various parameters used in the 
water type identification. 

The use of an in situ filtration system would enhance 
the data acquisition process by decreasing sampling time 
and reducing the possibility of contamination. 

Microscopic mineral identification methods in conjunc- 
tion with X-ray techniques would aid in the identification 
of even very small quantities of constituents when present. 

More stations distributed throughout the bay should be 
made so that high data density would exist everywhere. 

This would allow for correlation with other data, such as 
current measurements as well as salinity and temperature 
distributions, which are available for the bay. Hydro- 
graphic casts should be made at each station at the time that 
particulate matter data are collected, so that correlations 
between temperature, salinity, and particle distributions 
could be established. 
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Fig. 1. Station Locations 
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Fig. 2. Scattering ratio contours at 2-m depth 
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Fig. 3. Scattering ratio contours at 5-m depth 
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Fig. 4 . Scattering ratio contours at 10-m depth 
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. Volume contours at 2- m depth 
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Fig . 5 
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Fig. 8. Transect A Scattering Ratio Contours 
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Fig. 9. Transect C Scattering Ratio Contours 
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Fig. 10. Transect D Scattering Ratio Contours 
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Fig. 12. Transect C Volume Contours 
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Fig. 14 . Transect 1 Scattering Ratio Contours 
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Fig. 15. Transect J Scattering Ratio Contours 
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Fig. 16. Transect I Volume Contours 
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Fig. 17. Transect J Volume Contours 
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Fig. 18. Transect E Scattering Ratio Contours 
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Fig. 19. Transect F Scattering Ratio Contours 
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Fig. 20. Transect E Volume Contours 
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Fig. 21 . Transec: F Volume Contours 
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Fig. 22. Transect G Scattering Ratio Contours 
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Fig. 23. Transect G Volume Contours 
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Transect H Scattering Ratio 
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Fig. 25. Transect H Volume Contours 
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Fig. 28. Muscovite Distribution 
(N D: not detected; cross-hatched area distribution at 2 m) 
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(cross-hatched area distribution at 2 m) 
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jadeite (, J ; , hypers 



TABLE II PAJARO and SALINAS RIVER 
STREAM DISCHARGE DATA* 





Salinas River 


Pajaro River 


Winter 1970 


82,015 


66,621 


March 1971 


2,619 


1,899 


April 1971 


192 


1,252 


May 1971 


136 


708 


June 1971 


no data 


373 



3 

*data run ft /sec 
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APPENDIX 




Characteristic X-ray 



intensities 
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Characteristic "High" X-ray intensity 
75 




Scattering Ratio as a Function of Depth 
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PARTICLE VOLUME (V) (IQ " 14 



SCATTERING RATIO (Z) 




Scattering ratio as function of particle volume 
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